Abstract. The industry of civil aviation is developing in a fast manner to occupy the increasing needs for a fast, safe and comfortable transportation. To achieve these needs, some effective programs, plans, and systems designs are required. The current reliable aircraft navigation and landing systems have relatively a low level of accuracy especially in aircraft landing stage. The best landing category could be achieved requires a runway visual range up to 50 meters and automatic landing system is not in operation yet all over the world. Aircraft navigates using Radar, Radio and Satellite navigation systems. The Federal Aviation Administration (FAA) plans to replace legacy navigation systems with satellite based navigation technology. Currently, the Global Positioning System (GPS) and its augmentations is the main satellite navigation system used all over the world for air navigation applications. The development of aircraft navigation has been performed with the enhancement of GPS augmentation systems. In this paper, aircraft navigation systems and techniques will be presented in this paper to evaluate the integrity and reliability of each system, and to make a comparison among these systems according to accuracy, integrity and availability.
Introduction
The industry of civil aviation is developing rapidly to occupy the increasing needs for a fast, safe and comfortable transportation. To achieve these needs, some effective programs, plans, and systems designs are required. The navigation systems offer good accuracy for the aircraft flying in the sky. However, as the aircraft approaches a runway, it requires more precise accuracy. Currently, despite of various navigation systems in service, they have many limitations like low accuracy, vulnerability to multipath effect, unreliability, obstruction in signal broadcasting, lack of integrity and high cost. Nevertheless, they are still used for aircrafts navigation, approaching and landing in the absence of better alternatives. The accuracy and integrity limits have not been able to match International Civil Aviation Organization (ICAO) standards and practices for precise landing system. Instruments and systems are developing to improve the accuracy and to meet the Required Navigation Performance (RNP). The "zero accident" policy announced by Federal Aviation Administration (FAA) requires airliners to have essentially perfect navigation from taking off until landing [1] . Since GPS was introduced and used as Satellite navigation system, most aircraft navigation and landing systems have been turned off such as Microwave Landing System (MLS). The major issues with GPS are: guidance accuracy near the runway threshold and the integrity of the system which has not been able to match ICAO standards. GPS accuracy could be enhanced by broadcasting correction signals from ground-based or space-based stations i.e. the Differential GPS (DGPS). Various strategies have been developed to increase the levels of integrity, accuracy and availability of GPS-based navigation/landing systems will be presented in his paper.
Information and Discussion:
Aircraft Navigation Systems. Air navigation is an approach focuses on the processes of monitoring and controlling the movement of an aircraft from one place to another. Aircraft Navigation Systems involve navigational techniques for locating the aircraft position compared to known locations. The navigation support provided by user interfaces of Virtual Environments (VEs) is often inadequate and tends to be complex, especially in the case of large-scale VEs [2] . The techniques used for navigation in the air will depend on whether the aircraft is flying under visual flight rules (VFR) or instrument flight rules (IFR). IFR is one of FAA's regulations governing the aspects of civil aviation operations. FAA's Instrument Flying Handbook defines IFR as rules and regulations established to govern flight under conditions in which flight outside visual reference is not safe [1] . IFR flight depends upon flying with reference to instruments in the flight deck. VFR is a set of regulations under which a pilot operates an aircraft in clear weather enough for allowing the pilot to see where the aircraft is going. Specifically, the weather must be better than basic VFR weather minima. The pilot must be able to operate the aircraft with visual reference to the ground, and by visually avoiding obstructions and other aircrafts [1] . Pilot navigates using instruments and radio navigation aids. Generally, there are many types of air navigation systems including: Radar navigation, Radio navigation and satellite navigation which is the interest of this paper.
Satellite Navigation
A satellite navigation or SATNAV system is a system of satellites that provides geo-spatial positioning with global coverage. It allows aircraft receivers to determine their location (longitude, latitude, and altitude) within a few meters using radio signals transmitted from satellites. Satellite navigation has become a critical component of the emerging worldwide Air Traffic Management (ATM) infrastructure [3] . Since the 1960s, navigation has increasingly moved to satellite navigation systems [3] . Satellite navigation uses several types of satellites constellations; these types involve GPS, GLONASS and Galileo. These three systems provide a global coverage and named as the Global Navigation Satellite System (GNSS). ICAO defines the GNSS as "a worldwide position and time determination system that includes one or more satellite constellations, aircraft receivers and system integrity monitoring, augmented as necessary to support the required navigation performance for the intended operation" [4] . This study focuses on the development of aircraft navigation using GPS and its augmentation.
Global Positioning System (GPS). The (GPS) (NAVSTAR system) is a space-based satellite radio-positioning and navigation system consists of 24 active satellites orbiting around the earth. NAVSTAR was developed by the Department of Defense of the United States of America and was used in the beginning for military uses. GPS provides the information of the location and time to the user worldwide [5] . NAVSTAR GPS is the most used satellite navigation system today [6] . The GPS project was developed in 1973 to overcome the limitations of previous navigation systems. It became fully operational in 1994. Advances in technology and new demands on the existing system have now led to modernize the GPS and implement the next generation of GPS III satellites. The GPS satellites will transmit new codes for civilian and military users with greater accuracy, availability, integrity, and anti-jam performance [7] . Initially, the highest quality signal was assigned for military use. Over the last decade, several improvements have been implemented to the GPS service, including new signals for civil use and increased accuracy and integrity for all users. GPS modernization has now become an ongoing initiative to upgrade the system with new capabilities to meet growing military, civil, and commercial needs [7] .
GPS Augmentation systems. Augmentation systems are approaches used to improve the performance of the navigation system's attributes, such as accuracy, reliability, and availability, through the integration of external information into the calculation process to improve accuracy. These augmentation systems are named according to the method of the external data integration. Some systems transmit additional error information (such as clock drift, ephemera, or ionospheric delay), others characterize prior errors, while a group provides additional navigational or vehicle information. Augmentation systems used in GNSS are:
Differential Global Positioning System (DGPS)
DGPS is a GPS enhancement to improve the accuracy of the GPS positioning. DGPS uses a network of fixed, ground-based reference stations to broadcast the difference between the positions indicated by the satellite systems and the known fixed positions. The digital correction signal is typically broadcast locally over ground-based transmitters of shorter range. Some applications that require high navigation accuracy can take advantage of using the DGPS technique. In this case, GPS satellites are tracked by one or more reference sites in which their positions are precisely known on earth, thereby determining the errors occur in each satellite ranging. Then, the reference site transmits the ranging corrections to user in real time. Numerous differential systems are recently working. DGPS has been widely used for the enhancement of GPS positioning performance due to a little burden on transmitting the correction data and the easiness of correction processing to improve the position accuracy [8] . The accuracy of GPS is improved by DGPS through the reduction of error sources that affect the GPS accuracy as shown in Table 1 . 
Ground-based Augmentation System (GBAS)
GBAS is a new precision approach landing system using GNSS navigation with differential correction provided by a ground station [9] . GBAS is fundamentally a local differential satellite navigation system. The basic principle is that pseudorange observations made by ground-based receivers are used to develop differential corrections for each satellite. These corrections are provided to the airborne receiver via data link. The airborne receiver then applies these corrections in order to produce a set of corrected pseudoranges that are then used as the basis of a position solution. GBAS approach service enables the user to compute an accurate differentially corrected position solution with the definition of a reference path so that the airborne equipment can compute guidance information relative to the reference path. Additional approach services are currently being developed to allow GBAS to support additional types of operations [10] . Fig 1 shows the GBAS system structure. Fig 1: Ground-based augmentation system GBAS is significant for air transport users for a variety of reasons. It is the only augmentation system defined at this time that is expected to be capable of meeting the most stringent operational needs of aviation (e.g., takeoff and landing in very low-visibility conditions) [3] . A ground-based augmentation system (GBAS) provides differential corrections and integrity data for the GNSS open signals using redundant reference stations situated at an airport and a very high-frequency data broadcast (VHF).
GBAS consists of a ground segment, airborne segment and space segment. The space segment represents the GNSS satellites constellations. The GBAS ground segment consists of three or four GBAS reference receivers that are sited typically on or near an airport property. These reference receivers track the signals from navigation satellites and pass pseudorange measurements to a central processing facility which uses the multiple, redundant observations of the pseudoranges to compute estimates of the pseudorange corrections for each satellite signal observed by the reference receivers.
The Local Area Augmentation System (LAAS) is the GBAS version of FAA. In November of 1996, the FAA program presented the objectives and concepts for the LAAS and included support for the development of the corresponding Minimum Operational Performance Standards (MOPS) for the airborne of the system [11] . LAAS architecture has been developed to provide satellite navigation performance compliant with the stringent requirements for aircraft precision approach and landing [3] .
Satellite-Based Augmentation System (SBAS) SBAS provides integrity parameters, corrections, and ionospheric data over a region. SBAS was implemented around the world to augment the GPS.SBAS provides:
• A set of ranging signals to improve continuity and availability.
• Integrity data for improving the flight safety.
• Differential corrections for improving accuracy. The SBAS consists of a ground monitoring stations connected in a ground network to collect GPS measurements. The receivers in the ground network are dual-band frequency for tracking GPS (L1/L2 C/A code) and (L2 P(Y) code). Error corrections and integrity data are then computed by a centralized facility. This information is then transmitted to the users through a geostationary (GEO) satellite link [12] . Since the SBAS signals will be in synchronization with GPS, the airborne SBAS receiver will be able to add these new ranging signals to the measurements. This augmented position fix will be less sensitive to the failure of GPS satellites, thus improving time availability and continuity [11] . The Wide Area Augmentation System (WAAS) is an SBAS being deployed by FAA to augment the GPS. The WAAS is aiding GPS with the following three services: [13] .
1. WAAS is broadcasting spread spectrum ranging signals from communication satellites.
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2. The WAAS uses the ground network to enhance corrections for the errors. This data improve the accuracy from approximately 100 m down to 8m.
3. The WAAS uses a nationwide ground network to monitor the health of all satellites over the world and flag situations which threaten flight safety.
Aircraft-based augmentation systems (ABAS)
Aircraft-based augmentation system (ABAS) is defined by ICAO as "an augmentation system that augments and integrates the information obtained from the other GNSS elements with information available on board the aircraft". ABAS includes approaches used to provide integrity of monitoring through either the exploitation of redundant GNSS measurements referred to as receiver autonomous integrity monitoring (RAIM) or through the use of onboard sensors [10] .
Ground-based Regional Augmentation Systems (GRAS)
GRAS is a mix of SBAS and GBAS concepts. GRAS implies a distributed set of reference stations and centralized processing sites to compute differential GNSS corrections and data integrity, like SBAS. However, rather than using geostationary satellites to broadcast the data to users like SBAS, GRAS relies on a VHF broadcast using the GBAS physical link and message format. GRAS is currently being developed in Australia and is anticipated to be fully available in 2009 [13] . Since 1997, Airservices Australia has been developing a GRAS using a Very High Frequency (VHF) data link due to the low cost option to be able to provide a wide area augmentation services similar to SBAS.
Conclusion
GPS is playing an increasingly important role in all aspects of military operations. However, the role of GPS in civilian applications is expanding even faster. As navigation technology matures, the trend will continue toward embedded GPS applications integrated with communication systems and large databases GPS has become an essential element in the global infrastructure and has exceeded the expectations of even its early developers. Aerospace played a prominent role in the development of this dual-use space system, and will continue to guide and support its future evolution. In the case of aircraft navigation systems, the main problem is the required accuracy for landing stage, and most of the enhancements are done through the use of augmentation systems. Aircraft landing is a very critical stage. The risk that may threaten the aircraft is to be drifted out of the runway, so a superior accuracy is required to guide aircraft to the runway touchdown point precisely. In bad weather conditions when visibility or runway visual range does not exist at all, aircraft rely on full automatic system to land systematically. The FAA plans to replace legacy navigation systems with satellite based navigation technology. The FAA has determined that GBAS is the only cost effective alternative to the existing ILS by providing terminal, non-precision, and CAT I/II/III precision approach capabilities. A simple comparison has been achieved to compare the accuracy levels in the current aircraft navigation systems used, as shown in table (3) . It can be seen that, the best accuracy could be achieved by using augmentation systems. As future plans, new algorithms can be developed for combining systems together to give stable performance with high level of accuracy, and new techniques which will lead to the development of the auto pilot systems and make the aircraft landing managed completely by auto pilot with safe aircraft landing.
